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Abstract 

Introduction: Fibroblast Growth Factor 21 (FGF21) is a novel metabolic factor with effect on glucose and lipid 
metabolism, and shown to be elevated in diseases related to metabolic syndrome. Due to the increasing frequency 
of metabolic syndrome in the pediatric population, and as FGF21 studies in children are limited, we investigated 
baseline serum levels of FGF21 in healthy children during an oral glucose tolerance test. 

Methods: A total of 179 children and adolescents from the COPENHAGEN Puberty Study were included. An OGTT 
with glucose and insulin measurements, a dual energy X-ray absorptiometry (DXA) scan and a clinical examination 
including pubertal staging were done on all subjects. Serum levels of FGF21, adiponectin, and leptin were 
determined by immunoassays at baseline. 

Results: The girls had significantly higher levels of FGF21 compared with boys (155 pg/mL vs. 105 pg/mL, P = 0.04). 
38 children (21%) had levels below detection limit of assay. Baseline levels of FGF21 showed positive correlation 
with triglycerides, but no significant correlations were found between FGF21 -concentration and body mass index 
(BMI), DXA-derived fat percentage, LDL- HDL- and non-HDL cholesterol, leptin or adiponectin levels, respectively. 
Neither was any correlation found between baseline FGF21-levels and the dynamic changes in glucose and insulin 
levels during the OGTT. 

Conclusion: FGF21 is independent of adiposity in children, and the significant metabolic effect seems to be limited 
to pathological conditions associated with insulin resistance. The higher levels of triglycerides in the girls may 
explain the significantly higher levels of FGF21 in girls compared with boys. 

Systematic review registration: The COPENHAGEN Puberty Study was registered in ClinicalTrials.gov (identifier 
NCT0141 1527), and approved by the local ethics committee (reference no. KF 01 282214 and KF 1 1 2006-2033). 
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Introduction 

Metabolic syndrome in children is becoming more fre- 
quent in the pediatric population, [1,2] and pathogenetic 
and prognostic factors are sought for. Recently, a new 
protein, fibroblast growth factor 21 (FGF21), has been 
suggested as a factor involved in regulation of carbohy- 
drate and lipid metabolism [3-5]. 
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FGF21 expression is induced by an increase in free 
fatty acids, and is regulated by peroxisome proliferator- 
activated receptor-alpha (PPAR-a) in the liver [6,7] and 
PPAR-gamma (PPAR-y) in white adipose tissue [8,9]. In 
the liver, FGF21 acts as an endocrine factor, as it in- 
creases energy production and utilization of energy dur- 
ing prolonged fasting [10]. In white adipose tissue 
FGF21 acts as an autocrine factor, as it increases glucose 
uptake by up-regulating glucose transporter 1 (GLUT1) 
in the cell membrane [5]. Glucose also stimulates FGF21 
expression through carbohydrate response-element bind- 
ing protein (ChREBP) in the liver [11,12], In adipocytes, it 
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seems like PPAR-y and ChREBP together can stimulate 
the expression of FGF21 [11]. Compared with insulin 
alone, glucose uptake into cultured adipocytes is enhanced 
by co-incubation with FGF21, suggesting that the effect of 
FGF21 is independent and additive to insulin. Accord- 
ingly, treatment with FGF21 to ob/ob mice and FGF21 
transgenic mice over-expressing the human protein re- 
sulted in improved glucose clearance and insulin sensitiv- 
ity during OGTT [5]. 

Diseases related to insulin resistance such as metabolic 
syndrome and type 2 diabetes mellitus have been related 
to increased levels of FGF21 [13-15]. In accordance, 
serum-concentrations of FGF21 correlated negatively 
with insulin sensitivity and positively with the hepatic in- 
sulin resistance index, HbAlc, fasting plasma glucose 
levels and two hour-plasma glucose levels after an oral 
glucose tolerance test in adult subjects, suggesting a re- 
lation with both hepatic and whole-body insulin resist- 
ance [13]. In children, knowledge on FGF21 and insulin 
resistance is limited. In a cohort study of both lean and 
obese children it was indicated that FGF21 levels were 
positively associated with free fatty acids, leptin and 
body mass index (BMI), respectively. This study further 
suggested that the increase in serum-concentrations of 
FGF21 in obese children was reversible with weight 
loss [16]. Giannini et al. confirmed this elevation of 
FGF21 in obese youth and in addition documented 
that FGF21 independent of visceral fat and insulin 



sensitivity correlated with fatty liver and markers of 
hepatic apopotosis [17]. 

The aim of this study was to evaluate the fasting con- 
centrations of serum-FGF21 in children and adolescents 
in relation to anthropometrical measurements, pubertal 
stages, concentrations of lipids, leptin and adiponectin, 
and concentrations of glucose and insulin during a two- 
hour OGTT. 

Materials and methods 

Participants 

Subjects were recruited as part of The COPENHAGEN 
Puberty Study [18,19] from primary schools in the 
Copenhagen community. A total of 179 healthy Caucasian 
children (114 girls) aged 8,5-16,1 years volunteered 
Table 1. Sixteen children and adolescents (8 girls) were 
clacified as overweight (BMI > 85th percentile for age) ac- 
cording to the CDC reference. None of the children meet 
the IDF crieteria for metabolic syndrome [20]. The cohort 
has previously been described in details [21-23]. In brief, 
all participants had pubertal stages evaluated according to 
Tanners classification. Twenty-seven of the girls were 
post-menarcheal. Total body fat and lean mass was evalu- 
ated with a whole-body dual-energy X-ray absorptiometry 
(DXA) scan using a CDR 1000/W densitometer (Holo- 
gic Inc., Bedford MA) with software version 6.2. Aer- 
obic fitness was evaluated by assessing maximal oxygen 
uptake (V 0 2ttiax) during a cycle ergometry test using 



Table 1 General metabolic characteristics related to metabolic syndrome in a group of 179 non-obese children (65 boys, 
114 girls) 





Boys 


Girls 


P-value 




n = 65 


n= 114 




BMI (kg/m 2 ) 


18.3 (15.0-26.21) 


18.0 (13.4-30.6) 


0.21 


Fat percentage (%) 


18.1 (7.5-29.9) 


21.1 (12.3-35.0) 


< 0.001 


Fasting glucose (mmol/L) 


4.8 (3.9-5.9) 


4.9 (3.2-6.7) 


0.85 


2-h glucose (mmol/L) 


5.1 (2.8-7.3) 


4.9 (2.9-8.3) 


0.69 


Fasting insulin (pmol/L) 


43.0 (10.0-102.0) 


48.0 (8.0-168.0) 


0.03 


Peak glucose (mmol/L) 


7.0 (4.7-11.2) 


7.4 (4.7-11.2) 


0.41 


Triglycerides (mmol/L) 


0.6 (0.4-2.4) 


0.7 (0.4-2.0) 


0.001 


HDL (mmol/L) 


1.5 (0.9-2.1) 


1 .5 (0.7-2.2) 


0.73 


LDL (mmol/L) 


2.1 (0.5-3.2) 


2.2 (0.8-3.8) 


0.29 


Total cholesterol (mmol/L) 


3.6 (2.4-4.6) 


3.8 (2.4-5.6) 


0.003 


Non-HDL cholesterol (mmol/L) 


2.0 (1.1-3.2) 


2.4 (0.6-3.7) 


0.001 


Apolipoproten A1 (mmol/L) 


50.6 (38.7-64.4) 


51.7 (27.1-67.6) 


0.40 


Apolipoproten B (mmol/L) 


2.1 (1.1-3.4) 


2.2 (0.7-3.7) 


0.06 


Leptin (ng/mL) 


3476.0 (1884.0-37065.0) 


6353.0 (921-49495.0) 


< 0.01 


Adiponectin (ug/mL) 


22876.5 (977.0-57085.0) 


27757.5 (9375.0-60190.0) 


0.01 


V 02 max (ml • kg" 1 • min" 1 ) 


46.8 (30.3-63.2) 


39.8 (25.1-51.0) 


< 0.01 



BMI = Body mass index; HDL = High-density lipoprotein cholesterol; LDL = Low-density lipoprotein cholesterol; Non- HDL-cholesterol = Total cholesterol minus 
HDL-cholesterol; V0 2 max = Maximal oxygen uptake during a cycle ergometry test. 
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an electronically braked cycle ergometer (Ergomedic 
839: Monark, Varberg, Sweden). V 0 2max was measured 
directly using an online pulmonary gas analyzer system 
(Quark CPET; Cosmed, Rome, Italy). 

Blood sampling 

Venous fasting blood samples were drawn after 12 h of 
fasting from the ante-cubital vein into standard vacuum 
tubes and centrifuged (3000 g at 10 min) within 30 min. 
Plasma was immediately stored at -20°C until analysis. 
A standard two-hour oral glucose tolerance test with an 
oral glucose load of 1.75 g of glucose per kilogram body- 
weight (maximum 75 g glucose) was performed. Blood 
samples were drawn with 30 min intervals for determin- 
ation of glucose and insulin. The area under the curve 
(AUC) for plasma glucose (AUC g i u ) and plasma insulin 
(AUC ins ), respectively, was calculated by the trapezoidal 
rule. 

Analyses 

Serum-FGF-21 concentrations were measured with a 
commercial enzyme-linked immunosorbent assay (Bio- 
Vendor Human FGF-21 ELISA, Bio Vendor, Brno, Czech 
Republic). Determination of FGF-21 was done on previ- 
ously unthawed biobanked serum samples. FGF21 was 
analyzed according to the manufacturers instruction 
and measured in duplicates. According to the manufac- 
turer, the limit of detection was 7 pg/mL, but the lowest 
standard was 30 pg/mL, which then in our study was set 
to the limit of detection (LoD). The manufacturer re- 
ported the intra-assay and inter-assay coefficients of 
variability (CV) to be below 5%, respectively, and with 
no cross -reactivity with human Fibroblast Growth Factor 
19 or Fibroblast Growth Factor 23. Our inter-assay CVs 
for the low (mean: 137.7 pg/mL) and high (mean: 
536.3 pg/mL) controls were 7.0% and 5.5%, respectively. 

Plasma-concentrations of adiponectin and leptin were 
measured using specific high-sensitive human enzyme 
linked immunosorbent assays. The adiponectin assay 
(Millipore, Human ADIPONECTIN RIA-kit, St Charles, 
Mi, USA) had intra-assay and inter-assay CVs of 4.9% 
and 5.4%, respectively. Detection limits were 1 - 200 ng/ 
mL. The leptin assay (R&D Systems, Human Leptin Im- 
munoassay, Minneapolis, Mn, USA) had intra-assay and 
inter-assay CVs of 3.4% and 1.6%, respectively, and 
detection limits of 7.8 - 1000 pg/mL. Glucose, triglycer- 
ides, total cholesterol, high-density lipoprotein (HDL)- 
cholesterol, low-density lipoprotein (LDL) -cholesterol, 
apolipoprotein Al and B, respectively, were all analyzed 
in heparin-plasma on the Modular® ANALYTICS SWA, 
Modular P-system (Roche Diagnostics GmbH, Mannheim, 
Germany), using the calibrator for automated systems 
(CFAS) and the Roche Modular® reagents for all assays 
[24]. Insulin was analyzed in (heparin-plasma) determined 



by an electrochemiluminescence immunoassay (Elecsys in- 
sulin reagents kit; Roche Diagnostics GmbH, Mannheim, 
Germany) on the Modular® ANALYTICS SWA, Modular 
E170-system (Roche Diagnostics GmbH, Mannheim, 
Germany) [21]. Non-HDL-cholesterol was calculated as 
total cholesterol subtracted HDL-cholesterol. 

Statistics 

All FGF21 values below the lowest standard (30 pg/mL) 
were set at 15 pg/mL. Mann- Whitney U-test was used 
to evaluate differences in FGF21 and metabolic parame- 
ters between genders. Differences in median levels of 
FGF21 in different age groups (2-yrs intervals) and pu- 
bertal stages were evaluated with Kruskal-Wallis test. To 
account for samples below detection, sex-specific tertiles 
of increasing FGF21 levels were generated. Differences 
between several groups were evaluated with the Kruskal- 
Wallis test, and differences between two groups (single 
or combined) were evaluated by the Mann- Whitney li- 
test All statistical analyses were done using the statis- 
tical software IBM SPSS version 19.0 for Microsoft 
Windows XP (Chicago, IL). 

Ethics 

The study was done in accordance with the ethical princi- 
ples of the Helsinki II declaration. The COPENHAGEN 
Puberty Study was registered in ClinicalTrials.gov (identi- 
fier NCT01411527), and approved by the local ethics 
committee (reference no. KF 01 282214 and KF 11 2006- 
2033). All children and parents gave their informed writ- 
ten consent. 

Results 

In total, 38 study participants (16 boys, 22 girls) had 
FGF21 levels below the lowest standard of 30 pg/mL. 
The serum concentrations of FGF21 in samples above 
this LoD ranged from 60.6 - 1715.1 pg/mL. As shown in 
Figure 1, the girls had significantly higher serum-levels 
of FGF21 (median: 155.1 pg/mL, range < LoD - 1715.1 pg/ 
mL) compared with the boys (median: 105.1 pg/mL, 
range < LoD - 818.9 pg/mL, P = 0.04). No significant dif- 
ferences were found in serum FGF21 levels between age- 
groups and pubertal stages in boys and girls, respectively. 
Neither did we find any association between baseline 
levels of FGF21 and glucose and insulin levels during the 
OGTT. Due to lack of statistical significant differences in 
all measured parameters between the middle and highest 
tertiles, these two groups were combined and compared 
with the lowest tertile. The lowest tertile of serum FGF21 
had significantly lower triglyceride (TG) levels (median: 
0.61 mmol/L, range: 0.42 - 1.77 mmol/L) compared with 
the combined higher tertiles (median: 0.72 mmol/L, range: 
0.35 - 2.38 mmol/L, P = 0.01). 
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Figure 1 Serum concentration of Fibroblast Growth Factor 21 
(FGF21) in a group of 179 healthy, non-obese children (114 girls, 
65 boys). Each square represents the FGF21 -serum concentration in 
a child. In 16 boys and 22 girls the FGF21 -concentration was below 
the lowest standard of the assay; these values were set at 15 pg/mL 
The solid vertical lines indicate the median values of serum-FGF21 in 
girls and boys, respectively. The dotted lines indicate the lowest 
standard of the assay. Note that the Y-axis is logarithmic. 



In sex-specific analyses, TG levels in girls were lower 
in the lowest FGF21-tertile (median: 0.70 mmol/L, 
range: 0.42 - 1.77 mmol/L) compared with the higher 
FGF21 -tertiles (median: 0.82 mmol/1, range: 0.35 - 
2.03 mmol/L), P = 0.03). Similar absolute differences 
were found for TG levels in boys between the lowest ter- 
tile (median: 0.55 mmol/L, range 0.43 - 1.41 mmol/L) 
and the higher tertiles of serum FGF21 (median: 
0.65 mmol/L, range: 0.37 - 2.38 mmol/L), P = 0.11). In 
addition, LDL-cholesterol levels were lower in the lowest 
FGF21-tertile compared with the higher tertiles in girls 
only (P = 0.07). 

No differences in height, weight, BMI, total body fat 
percentage (all p > 0.12) between the lowest FGF-21 ter- 
tile compared with the higher tertiles for girls and boys, 
respectively. 

When the group of sixteen children and adolescents 
with BMI above the 85th percentile for age were com- 
pared to the large group of normal-weight children they 



only showed significant difference in BMI, total fat per- 
centage, fasting insulin and leptin (p < 0.01) but no dif- 
ference was found with either triglycerides, lipids, 
cholesterol or FGF21. These findings were consistent in 
a gender-specific analysis. 

Discussion 

In the present study, we did not find consistent evidence 
in favor for a regulatory function of baseline FGF21- 
concentrations on glucose homeostasis. This may reflect 
the narrow biological range in the present sample of 
healthy children with normal glucose tolerance. In accord- 
ance, Galman et al found no evidence for a relationship 
between FGF21 levels and metabolic parameters in 
healthy adult subjects, [10] indicating that significant 
metabolic effects of FGF21 may be limited to pathological 
conditions associated with glucose intolerance. In 
addition, as FGF21 levels were only evaluated at baseline, 
dynamic changes in FGF21 levels during an OGTT could 
not be determined in the present study. One study re- 
ported that changes of FGF21 concentrations were nega- 
tively correlated with changes of glucose levels during a 
standard OGTT in both healthy and insulin resistant indi- 
viduals [25]. 

Despite the lack of association with DXA-derived total 
body adiposity, we found positive correlations between 
serum-concentrations of FGF21 and triglycerides. This is 
consistent with the study by Tyynismaa et al [26] 
reporting that high FGF21 -levels were related to higher 
proportions of liver fat and higher triglycerides levels ra- 
ther than to total body adiposity. Due to the cross- 
sectional design in the present study, the cause and 
effect-relationship could not be determined. However, 
evidence suggests that FGF21 increases in response to 
increasing levels of lipids, which has been hypothesized 
as a defense mechanism against lipotoxicity [3]. Thus, 
FGF21 may be a marker of elevated levels of lipids even 
in healthy normal-weight children. In accordance with 
the lack of association between FGF21 and anthropo- 
metric and biochemical parameters associated with 
obesity, we found no correlation between FGF21 and the 
adipokines leptin and adiponectin [27,28]. 

FGF21 levels were significantly higher in girls com- 
pared with boys, which may partly be related to the 
higher triglyceride levels in girls. No previous studies 
have addressed the possible sexual differences in FGF21- 
concentrations in either adults or children. 

A higher number of girls are represented in the 
present study, which might explain why a significant dif- 
ference between the metabolic parameters and FGF21 
levels is seen in girls only. 

The strength of our study is the large unselected sam- 
ple of 179 well-characterized children. However, experi- 
mental and clinical data suggest that a certain amount of 
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adipose tissue should be present in order for FGF21 to 
exert a significant glucose lowering effect [29]. Thus, 
evaluation of FGF21 levels in children with obesity and 
glucose intolerance may shed further light on the pos- 
sible regulatory actions of FGF2L 

Conclusion 

Fasting concentrations of FGF21 were significantly posi- 
tive associated with levels of triglycerides in girls inde- 
pendently of adiposity and serum leptin levels. Baseline 
FGF21 concentrations were not associated with glucose 
or insulin concentrations during a two-hour OGTT. The 
girls showed significantly higher levels of FGF21, which 
may partly be explained by higher triglyceride concen- 
trations in girls compared with boys. 

Competing interests 

Anders Juul is principal investigator in scientific muliticenter trial on the 
effects of growth hormone on growth in short SGA children. The study 
receives financial support from Novo Nordisk. The remaining authors have 
nothing to declare. 

Authors' contributions 

AB contributed to study design, statistical analyses, data analyses and 
interpretation and drafted the manuscript; KS conceived the study, 
contributed to study design, statistical analyses, data analyses and 
interpretation and made important revisions of the manuscript; THJ 
contributed to study design, data analyses and interpretation and made 
important revisions of the manuscript, JWH participated in data analyses and 
interpretation and made substantial revisions of the manuscript; AMA 
participated in data analyses and interpretation and made substantial 
revisions of the manuscript; AJ conceived the study, contributed to study 
design, data analyses and interpretation and made important revisions of the 
manuscript. All authors read and approved the final manuscript. 

Aknowledgments 

The Copenhagen Puberty Study received financial support from the Kirsten 
and Freddy Johansen's foundation, the Capital Region of Denmark's Research 
Fund for health research (R129-A3966), the Danish Research council (DFF- 
1331-001 13) and the Danish Agency for Science, Technology and Innovation 
(09-067180). 

Author details 

department of Growth and Reproduction, Rigshospitalet, Copenhagen 
University Hospital, section 5064 Blegdamsvej 9, DK-2100 Copenhagen, 
Denmark. 2 Faculty of Health and Medical Sciences, University of Copenhagen, 
Copenhagen, Denmark, department of Biomedical Sciences, Xlab, Center for 
Healthy Aging, University of Copenhagen, Copenhagen, Denmark. 

Received: 5 February 2014 Accepted: 17 May 2014 
Published: 23 May 2014 

References 

1. Bremer AA, Mietus-Snyder M, Lustig RH: Toward a unifying hypothesis of 
metabolic syndrome. Pediatrics 2012, 129:557-570. 

2. Weiss R, Dziura J, Burgert TS, Tamborlane VW, Taksali SE, Yeckel CW, Allen K, 
Lopes M, Savoye M, Morrison J, Sherwin RS, Caprio S: Obesity and the 
metabolic syndrome in children and adolescents. N Engl J Med 2004, 
350:2362-2374. 

3. Cuevas-Ramos D, Aguilar-Salinas CA, Gomez-Perez FJ: Metabolic actions of 
fibroblast growth factor 21. Curr Opin Pediotr 2012, 24:523-529. 

4. Veniant MM, Komorowski R, Chen P, Stanislaus S, Winters K, Hager T, Zhou 
L, Wada R, Hecht R, Xu J: Long-acting FGF21 has enhanced efficacy in 
diet-induced obese mice and in obese rhesus monkeys. Endocrinology 
2012, 153:4192-4203. 

5. Kharitonenkov A, Shiyanova TL, Koester A, Ford AM, Micanovic R, Galbreath 
EJ, Sandusky GE, Hammond LJ, Moyers JS, Owens RA, Gromada J, Brozinick 



JT, Hawkins ED, Wroblewski VJ, Li DS, Mehrbod F, Jaskunas SR, Shanafelt AB: 
FGF-21 as a novel metabolic regulator. J Clin Invest 2005, 1 15:1627-1635. 

6. Inagaki T, Dutchak P, Zhao G, Ding X, Gautron L, Parameswara V, Li Y, Goetz 
R, Mohammadi M, Esser V, Elmquist JK, Gerard RD, Burgess SC, Hammer RE, 
Mangelsdorf DJ, Kliewer SA: Endocrine regulation of the fasting response 
by PPARalpha-mediated induction of fibroblast growth factor 21. Cell 
Metab 2007, 5:415-425. 

7. Badman MK, Pissios P, Kennedy AR, Koukos G, Flier JS, Maratos-Flier E: 
Hepatic fibroblast growth factor 21 is regulated by PPARalpha and is a 
key mediator of hepatic lipid metabolism in ketotic states. Cell Metab 
2007, 5:426-437. 

8. Muise ES, Azzolina B, Kuo DW, El-Sherbeini M, Tan Y, Yuan X, Mu J, Thompson 
JR, Berger JP, Wong KK Adipose fibroblast growth factor 21 is up-regulated 
by peroxisome proliferator-activated receptor gamma and altered 
metabolic states. Mol Pharmacol 2008, 74:403-412. 

9. Dutchak PA, Katafuchi T, Bookout AL, Choi JH, Yu RT, Mangelsdorf DJ, 
Kliewer SA: Fibroblast growth factor-21 regulates PPARgamma activity 
and the antidiabetic actions of thiazolidinediones. Cell 2012, 148:556-567. 

10. Galman C, Lundasen T, Kharitonenkov A, Bina HA, Eriksson M, Hafstrom I, 
Dahlin M, Amark P, Angelin B, Rudling M: The circulating metabolic 
regulator FGF21 is induced by prolonged fasting and PPARalpha 
activation in man. Cell Metab 2008, 8:169-174. 

1 1 . Uebanso T, Taketani Y, Yamamoto H, Amo K, Ominami H, Arai H, Takei Y, 
Masuda M, Tanimura A, Harada N, Yamanaka-Okumura H, Takeda E: 
Paradoxical regulation of human FGF21 by both fasting and feeding 
signals: is FGF21 a nutritional adaptation factor? PLoS One 201 1, 6:e22976. 

12. lizuka K, Takeda J, Horikawa Y: Glucose induces FGF21 mRNA expression 
through ChREBP activation in rat hepatocytes. FEBS Lett 2009, 
583:2882-2886. 

1 3. Chavez AO, Molina-Carrion M, Abdul-Ghani MA, Folli F, Defronzo RA, Tripathy 
D: Circulating fibroblast growth factor-21 is elevated in impaired glucose 
tolerance and type 2 diabetes and correlates with muscle and hepatic 
insulin resistance. Diabetes Care 2009, 32:1 542-1546. 

14. Chen WW, Li L, Yang GY, Li K, Qi XY, Zhu W, Tang Y, Liu H, Boden G: 
Circulating FGF-21 levels in normal subjects and in newly diagnose 
patients with type 2 diabetes mellitus. Exp Clin Endocrinol Diabetes 2008, 
116:65-68. 

15. Cheng X, Zhu B, Jiang F, Fan H: Serum FGF-21 levels in type 2 diabetic 
patients. Endocr Res 201 1, 36:142-148. 

16. Reinehr T, Woelfle J, Wunsch R, Roth CL: Fibroblast growth factor 21 
(FGF-21) and its relation to obesity, metabolic syndrome, and 
nonalcoholic fatty liver in children: a longitudinal analysis. J Clin 
Endocrinol Metab 201 2, 97:21 43-21 50. 

17. Giannini C, Feldstein A, Santoro N, Kim G, Kursawe R, Pierpont B, Caprio S: 
Circulating levels of FGF-21 in obese youth: associations with liver fat 
content and markers of liver damage. J Clin Endocrinol Metab 2013, 
98(7):2993-3000. 

18. Aksglaede L, Sorensen K, Petersen JH, Skakkebaek NE, Juul A: Recent 
decline in age at breast development: the Copenhagen puberty study. 
Pediatrics 2009, 123:e932-e939. 

19. Sorensen K, Aksglaede L, Petersen JH, Juul A: Recent changes in pubertal 
timing in healthy Danish boys: associations with body mass index. J Clin 
Endocrinol Metab 2010, 95:263-270. 

20. Zimmet P, Alberti KG, Kaufman F, Tajima N, Silink M, Arslanian S, Wong G, 
Bennett P, Shaw J, Caprio S, IDF Consensus Group: The metabolic 
syndrome in children and adolescents - an IDF consensus report. Pediatr 
Diabetes 2007, 8:299-306. 

21. Sorensen K, Aksglaede L, Munch-Andersen T, Aachmann-Andersen NJ, 
Petersen JH, Hilsted L, Helge JW, Juul A: Sex hormone-binding globulin 
levels predict insulin sensitivity, disposition index, and cardiovascular risk 
during puberty. Diabetes Care 2009, 32:909-914. 

22. Sorensen K, Mouritsen A, Mogensen SS, Aksglaede L, Juul A: Insulin 
sensitivity and lipid profiles in girls with central precocious puberty 
before and during gonadal suppression. J Clin Endocrinol Metab 2010, 
95:3736-3744. 

23. Sorensen K, Aksglaede L, Petersen JH, Andersson AM, Juul A: Serum IGF1 
and insulin levels in girls with normal and precocious puberty. Eur J 
Endocrinol 2012, 166:903-910. 

24. Hilsted L, Rustad P, Aksglaede L, Sorensen K, Juul A: Recommended Nordic 
paediatric reference intervals for 21 common biochemical properties. 
Scand J Clin Lab Invest 201 2, 73:1 -9. 



Bisgaard et al. International Journal of Pediatric Endocrinology 2014, 2014:7 
http://www.ijpeonline.eom/content/2014/1/7 



Page 6 of 6 



25. Lin Z, Gong Q, Wu C, Yu J, Lu T, Pan X, Lin S, Li X: Dynamic change of 
serum FGF21 levels in response to glucose challenge in human. J Clin 
Endocrinol Metab 201 2, 97:E1 224-E1 228. 

26. Tyynismaa H, Raivio T, Hakkarainen A, Ortega-Alonso A, Lundbom N, Kaprio 
J, Rissanen A, Suomalainen A, Pietilainen KH: Liver fat but not other 
adiposity measures influence circulating FGF21 levels in healthy young 
adult twins. J Clin Endocrinol Metab 201 1, 96:E351-E355. 

27. Leon-Cabrera S, Solis-Lozano L, Suarez- Alvarez K, Gonzalez-Chavez A, Bejar 
YL, Robles-Diaz G, Escobedo G: Hyperleptinemia is associated with 
parameters of low-grade systemic inflammation and metabolic dysfunction 
in obese human beings. Front Integr Neurosci 201 3, 7:62. 

28. Mraz M, Bartlova M, Lacinova Z, Michalsky D, Kasalicky M, Haluzikova D, 
Matoulek M, Dostalova I, Humenanska V, Haluzik M: Serum concentrations 
and tissue expression of a novel endocrine regulator fibroblast growth 
factor-21 in patients with type 2 diabetes and obesity. Clin Endocrinol 
(Oxf) 2009,71:369-375. 

29. Zhang X, Yeung DC, Karpisek M, Stejskal D, Zhou ZG, Liu F, Wong RL, Chow 
WS, Tso AW, Lam KS, Xu A: Serum FGF21 levels are increased in obesity 
and are independently associated with the metabolic syndrome in 
humans. Diabetes 2008, 57:1246-1253. 



doi:1 0.1 1 86/1 687-9856-201 4-7 

Cite this article as: Bisgaard et al.: Significant gender difference in serum 
levels of fibroblast growth factor 21 in Danish children and adolescents. 

International Journal of Pediatric Endocrinology 2014 2014:7. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at (^\ RiftMM i rpntral 

www.biomedcentral.com/submit \^ ™omea centra I 



